Purpose: Diet and eating habits are of key importance in patients with type 2 diabetes mellitus (T2DM). The purpose of this comparative study was to analyze fat-and fiber-related behavior (FFB) in patients with T2DM from distinct cultural areas. Patients and methods: Observational study was carried out in the Czech Republic (CR) (n=200), the US (n=207), and Yemen (n=200). Patients completed the Fat-and Fiber-related Diet Behavior Questionnaire (FFBQ). Results: Differences in all aspects of FFB among countries were found (P0.05). The best fat-related behavior reported was from patients from the CR. Patients from the US showed the worst fat-related behavior in total. On the other hand, patients from the US reported the best fiber-related behavior. Patients from Yemen reached the worst scores in all fat-related domains. Patients from all studied countries reported the best results in the "modify meat" and "avoid fat as flavoring" and the worst in the "substitute high fiber" subscales. Conclusion: Professionals involved in the diet education of T2DM patients should be aware of the specificity of diet in their country when advising patients keeping general recommendations. We suggest them to be as specific as possible and concentrate on fiber-related behavior.
Introduction
Diabetes mellitus is one of the most common chronic diseases in both the developed and developing countries. 1 Worldwide prevalence in 2000 was estimated to be 171 million, and this is projected to increase to at least 366 million by the year 2030. 2 Changing lifestyles characterized by reduced physical activity, sedentary behavior, and unhealthy dietary habits are linked with type 2 diabetes mellitus (T2DM). 3 Optimal treatment of this metabolic disease requires comprehensive management, of which diet is a critical part. The key aspects of a diabetic diet include reduction of saturated fat intake and an incremental increase of dietary fiber intake. [4] [5] [6] It has been recently confirmed that dietary fiber improves postprandial glycemia in diabetes due to slowing of gastric emptying. 7 It has been shown that adults with T2DM make different food choices than nondiabetic adults, which can result in higher saturated fat and lower fiber intake. 8 The guidelines concerning diet recommendations for T2DM patients are patterned on the American Diabetes Association (ADA) advice all over the world. According to a Spanish study, 9 over one-half of adult diabetic patients do not follow these recommendations. As one of the reasons, we suppose that such universal recommendations can be insufficient. However, it is known that for the best possible adherence of a patient to the recommended diet, it is necessary to provide personalized education with submit your manuscript | www.dovepress.com
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Hendrychova et al emphasis on the current eating habits taking into account his or her preferences and the culture 4 this could be inadequately kept in practice. Culture and cultural habits are key factors of food intake, 10 so it is useful to examine the differences in diet among various countries.
Up to now, the work published on dietary habits, dealing with fat-related behavior in particular, [11] [12] [13] [14] [15] has been mainly from the US. A broader spectrum of information on the dietary habits in a few European countries was provided by a study by Boylan et al. 16 However, to our knowledge, this has been inadequately studied in patients with T2DM.
Data from the Czech Republic (CR) 17 concerning this group of patients have shown healthier fat-related behavior than fiber-related one. Patients modify the meals rather than remove them completely from their diet or replace them by other types of food. In our further research, we aimed at analyzing and comparing the eating habits regarding fat-and fiber-related behavior (FFB) in patients with T2DM from distinct regions.
We hypothesize that this research may point out relevant differences in particular areas of FFB among diverse populations. This information may make the work of health care providers involved in dietary education of T2DM patients from various parts of the world more effective. This could increase the adherence of patients with dietary recommendations, which is of utmost importance in the comprehensive management of T2DM.
Methods
Study design
This cross-sectional questionnaire study was carried out in three countries: the CR (the University Hospital in Hradec Králové and two diabetes outpatient clinics within the region) from March to June 2011; the US (the Pharmacy-Based Diabetes Program in Tucson, Arizona) from September to November 2011, and in Yemen (the Nasser Hospital in Ibb) from February to March 2013. The study protocol was reviewed and approved by the regional Ethics Committee.
Study population
Participants were recruited directly at the study places on randomly selected days. Consecutive patients who agreed to complete the questionnaire and met the enrollment criteria were surveyed. The enrollment criteria were as follows: patients had a diagnosis of T2DM for at least 3 months or more from the date of contact, and the patient's ability to understand the questionnaire. All participants provided informed consent.
instruments and measures
The study subjects completed the Fat-and Fiber-related Diet Behavior Questionnaire (FFBQ), 18 which has been described in detail elsewhere. 17 There are four response alternatives to each question (always, often, sometimes, never). Higher scores indicate unsound diet behavior, ie, higher fat and lower fiber intake. Summary scale for fat intake, summary scale for fiber intake, and eight subscales (five for fat and three for fiber intake) were calculated as proposed by the originators of the instrument. The tool had been translated into Czech for the CR and Arabic for Yemen. In the US, a modified English version and Spanish version were used. Each language version of the questionnaire was adapted to typical local dietary particularities by means of appropriate wording when necessary (eg, adjusted terms for types of available bakery products) in a particular country. The questionnaire, containing also information on age, gender, and age at T2DM diagnosis, was either self-administered or investigator-assisted.
Forward-backward translation by two independent translators and review by a native speaker were carried out for each language version. Based on piloting among ten patients with T2DM in each country, no modifications were then required. Cronbach's α values of particular language versions of the questionnaire are stated in Table 1 .
Type of diabetes treatment, drugs used to control diabetes, measurements for glycosylated hemoglobin (A1C), waist circumference, and body height and weight were obtained from medical records. Body mass index was calculated based on the most recent height and weight measurements. When a particular value was missing, it was measured in situ by the competent person. A1C was measured according to the 
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Fat-and fiber-related diet behavior in T2DM patients standard procedure and paid for by the investigator, as it is not commonly monitored in diabetic patients in Yemen.
Data analysis
The outcome of the FFB questionnaire is summarized using means and standard deviations by item and by the eight subscales and the two overall summary scores (for FFB). Items are further characterized with percentages. To test whether the country of residence has an influence on the answers to individual items, the P-values of Pearson's χ 2 test for homogeneity and Fisher's exact test or of the χ 2 test after rebinning were computed. When testing whether the country of residence has an influence on the subscales and main scales, χ 2 and one-way Kruskal-Wallis tests were performed. The PASW statistical software was used for all analyses (IBM Corporation, Armonk, NY, USA, v 18.0), except for Fisher's exact tests, which were performed with the online calculator on the webpage http://www.physics.csbsju.edu/ stats/exact_NROW_NCOLUMN_form.html.
Results
Study population
Data from 200 patients in the CR, 207 patients from the US, and 200 patients from Yemen were analyzed. The basic characteristics of the study cohort are given in Table 2 . Table 3 shows the characteristics of diabetes treatment in the study cohort.
Fat-related behavior
Findings regarding FFB in the studied countries are shown in Table 4 . There were significant differences in fat-related diet habits summary scale scores and in all fat-related behavior subscales scores among countries. The only one exception was the "replace fruits and vegetables" subscale scores for the CR and the US. Overall, the best fat-related behavior reported was from diabetic patients from the CR. Patients from the US showed the worst fat-related behavior in total. Patients from all studied countries reported the best results in the "modify meat" and "avoid fat as flavoring" subscales coincidentally.
Fiber-related behavior
Diabetic patients from Yemen scored significantly worse than those from the CR and the US in fiber-related diet habits summary scale. Patients from the US reported the best fiber-related diet behavior in all fiber-related subscales, while diabetic patients from Yemen reached the worst scores in all cases. Patients from the CR and the US showed no differences in substituting of high-fiber foods for low-fiber variants. They both scored the worst in this area. Patients from Yemen reported the worst results in the "cereals and grains" subscale score.
Timing of meals
Diabetic patients in the US stated eating breakfast and lunch less often in comparison with the two other countries 
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Fat-and fiber-related diet behavior in T2DM patients Reverse scoring (always -never =4-1).
r P-value after rebinning, the answers "always" and "usually" are associated with the same outcome. e P-value of Fisher's exact test.
K P-value of Kruskal-Wallis test. *The percentage of subjects reporting scores 1 and 2 was not counted for the subscales and main scales. Abbreviation: sD, standard deviation.
(P0.0001), and those in the CR indicated eating snacks more often than those in the two other countries (P0.0001).
Discussion
The present study was designed to compare the eating habits regarding FFB in patients with T2DM from distinct geographical and cultural areas and to point out relevant differences in this field. We chose one country each from Europe, America, and the Near East, which we think are geographically and culturally diverse enough to detect any relevant differences in the eating habits.
The results concerning the basic characteristics of the study cohorts from different countries are in accordance with data published, 1, 19 which show higher prevalence of diabetes in lower age groups (45-64 years) in developing countries and among people belonging to a racial or ethnic minority groups.
The FFBQ is a psychometrically valuable instrument, valid and reliable, 16 which has been used in several studies. 20, 21 In all language versions, lower values of the Cronbach's α concerning the fiber-related part are referred to the wider scope of items in this part.
Although various language versions of the questionnaire were used, they were the same in their meaning. Piloting of each version should further increase the quality of the instrument.
Despite the fact that all T2DM patients should be receiving advice on increasing fiber intake and decreasing fat intake, [4] [5] [6] the results show that they vary in the extent to which they stick to this diet behavior. Based on our results, it is obvious that diabetic patients comply better with the fatrelated component of the recommended diet than fiber-related one. This is in accordance with the results of Beresford et al 11 who evaluated the effectiveness of self-help materials for dietary intervention in a primary care. Mostly, diabetic patients from Yemen seem to have problems with sufficient intake of fiber. The most difficult part of fiber-related behavior in the CR and the US is, coincidentally, substitution of low-fiber foods for high-fiber ones, while in Yemen it seems to be the consumption of cereals and grains. Cereals are a conventional part of the diet in the US, which the presented results confirmed, whereas the lack of specifically modified foods rich in fiber may be the main reason for low consumption of fiber in Yemen.
When we focus on fat-related behavior, we may suggest that diabetic patients modify the dishes rather than omit them from their diet completely, which agrees with the findings of Quandt et al. 22 The most frequently adopted diet behavior for decreasing intake of fat is modification of meat (eg, removing all visible fat from meat) and avoiding fat as flavoring (eg, not using fat when preparing vegetables or potatoes) identically across the studied countries. Spoon et al 23 in their study pointed out an association between "avoid fat as flavoring" and "modify meats", which supports our results. Further, significant variations or different scores of the "avoid fat as flavoring" subscale have been found in studies on dietary interventions, ie, among various ethnicities. 12, 13, 18 Patients from Yemen performed the substitution of highfat foods with their low-fat variants less often than patients from the CR and the US, where this behavior is quite common. We suggest that it is caused by the lack of specifically modified foods low in fat in Yemen.
Despite the fact that diabetic patients from Yemen reporting intake of fruits and vegetables close to intake of these kinds of foods in the CR and the US, they seem to fail in substituting desserts and snacks containing fat for fruits and vegetables. This may be caused by the fact that they eat snacks less often than the diabetic patients in the other studied countries.
Adherence to both FFB is a cornerstone of the diet recommendations for patients with T2DM. As the guidelines (including diet recommendations) for the care of T2DM patients are all patterned on the ADA guideline, we suppose very similar diet education of patients all over the world and the differences in particular fields of diet shown in our study may be assigned mainly to cultural and geographical differences that we just aimed to analyze.
The main limitations of our study are the facts that our samples are not based on populations across the involved countries and that the patients were not randomly selected. We chose the days of the data collection randomly, and all patients who appeared for an ordinary appointment in the particular study place within these days were addressed.
Both fat-and fiber-related outcomes are based on patients' self-reports. Despite the fact that the survey was anonymous, social desirability bias, ie, the tendency to report more favorable behavior in accordance with societal expectations, could limit the accuracy of reporting with a distortion of absolute numbers. However, the influence of the potential bias is expected to be similar in all studied countries, so the comparison among them is still valuable.
To ensure the response rate as much as possible, patients' incomes and material conditions were not examined. Nevertheless, most of participants were seniors with a lower socioeconomic status. In the US and Yemen, the clinics where the surveys were conducted were a Federally Qualified Health Center (FQHC) and a governmental hospital, respectively, which often times serves people of lower socioeconomic status, but that is not exclusively the case. However, culture probably affects dietary habits independent of material conditions.
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Conclusion
We found significant differences in all aspects of FFB among studied countries. The best fat-related behavior reported was from diabetic patients from the CR. Patients from the US reported the best fiber-related behavior. Modifying and adjusting dishes is more common than omitting their particular components from the diet or replacing them by other types of food among patients across countries.
According to our experience, it is necessary to further increase the general awareness of diabetic patients of the appropriate diet and support their adherence to it, eg, by focusing on the most problem areas. Professionals involved in the diet education of T2DM patients should be aware of the specificity of diet in their country when advising patients on general recommendations. It may be useful to communicate the diet recommendation in more detail and with focus on typical meals for each area. We suggest concentration on fiber-related behavior in all T2DM patients.
